1. A cascaded-transistor electro-static-discharge (ESD) protected output buffer 
comprising: 

a pull-down cascade between a pad and a ground bus having in series at least a 
first n-channel transistor and a second n-channel transistor that share an 
intermediate source/drain node, the pull-down cascade for sinking current from 
the pad to the ground bus through a first channel between a source and a drain 
of the first n-channel transistor and through a second channel between a 
source and a drain of the second n-channel transistor; and 
an ESD switch, activated by an. ESD pulse applied to the pad and responsive to 
the intermediate source/drain node, for shunting the pad to the ground bus in 
response to the ESD pulse coupled to the intermediate source/drain node, 
whereby the intermediate source/drain node triggers the ESD switch to shunt 
the pad to the ground bus during the ESD pulse. 

2. The cascaded-transistor ESD protected output buffer of claim 1 wherein the 
ESD switch comprises a silicon-controlled rectifier (SCR) having a first trigger 
gate coupled to the intermediate source/drain node; 

whereby the intermediate source/drain node is connected to the first trigger 
gate to trigger the SCR during the ESD pulse. 

3. The cascaded-transistor ESD protected output buffer of claim 2 further 
comprising: 

a coupling capacitor between the pad and a coupled node; 
wherein the ESD switch comprises: 

a second trigger gate in series with the first trigger gate, the second trigger 
gate being coupled to the pad by a coupling capacitor. 

4. The cascaded-transistor ESD protected output buffer of claim 3 wherein the 
SCR is responsive to the coupled node and to the intermediate source/drain 
node, the SCR connecting the pad to the ground bus when a portion of the ESD 
pulse applied to the pad is coupled across the coupling capacitor to the coupled 
node and a portion of the ESD pulse applied to the pad is coupled through the 
second n-channel transistor to the intermediate source/drain node. 
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[c5] 5. The cascaded-transistor ESD protected output buffer of claim 4 wherein the 

SCR, the first trigger gate and the second trigger gate comprise a stacked- 
NMOS-triggered SCR. 

[c6] 6.The cascaded-transistor ESD protected output buffer of claim 5 wherein the 

first trigger gate and the second trigger gate comprise n-channel transistors 
formed over the SCR formed on a substrate. 

[c7] 7.The cascaded-transistor ESD protected output buffer of claim 6 wherein the 

first trigger gate forms a transistor between a first N+ region and an 
intermediate N+ source/drain in a p-type substrate; 

wherein the second trigger gate forms a transistor between a the intermediate 
N+ source/drain in the p-type substrate and a second N+ region. 

[c8] 8.The cascaded-transistor ESD protected output buffer of claim 7 wherein the 

first N+ region is indirectly connected to the pad by an N-well that has a N+ tap 
and a P+ region directly connected to the pad; 

wherein the second N+ region is directly connected to the ground bus and the 
p-type substrate is indirectly connected to the ground bus through a P+ tap 
that is directly connected to the ground bus. 

[c9] 9.The cascaded-transistor ESD protected output buffer of claim 3 further 

comprising: 

a first resistor between the coupled node and the ground bus. 

[cl 0] 1 O.The cascaded-transistor ESD protected output buffer of claim 9 further 

comprising: 

a clamping transistor for connecting the coupled node to the ground bus when 
the cascaded-transistor ESD protected output buffer is powered. 

[ell] 11 .The cascaded-transistor ESD protected output buffer of claim 3 wherein the 

first n-channel transistor has a gate driven by a data signal that switches 
between power and ground during normal operation; 

wherein the second n-channel transistor has a gate driven by a bias voltage 
between power and ground, the second n-channel transistor limiting current 
through the first n-channel transistor. 
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[cl 2] 1 2.The cascaded -transistor ESD protected output buffer of claim 1 1 further 

comprising: 

a first p-channel transistor for driving the pad high, the first p-channel 
transistor having a gate driven by a data signal that switches between power 
and ground during normal operation. 

[cl 3] 1 3.The cascaded-transistor ESD protected output buffer of claim 1 2 further 

comprising: 

a gate-tracking circuit for applying a highest voltage to a gate of the first p- 
channel transistor, the highest voltage being a higher of a power-supply voltage 
or a pad voltage on the pad. 

[cl4] 14.A cascaded protection device comprising: 

a first transistor having a gate driven by a first signal, a drain connected to a 

pad node, and a source connected to a first intermediate node; 

a second transistor having a gate driven by a second signal, an drain connected 

to the first intermediate node, and a source connected to a supply bus; 

a coupling capacitor between the pad node and a first gate node; 

a silicon-controlled rectifier (SCR) coupled between the pad node and the 

supply bus; 

a first trigger transistor having a gate connected to the first intermediate node; 
a second trigger transistor having a gate connected to the first gate node; 
wherein the first trigger transistor and the second trigger transistor form 
conducting channels in the SCR to activate the SCR to conduct; 
a resistor connected between the first gate node and the supply bus, 
whereby a potentially-damaging voltage change on the pad node is coupled 
across the coupling capacitor to turn on the second trigger transistor which 
activates the SCR to conduct current from the pad node to the supply bus. 

[cl 5] 1 5.The cascaded protection device of claim 1 4 wherein the supply bus is 

ground, and the first and second transistors are n-channel transistors. 

6 ^ 1 6.The cascaded protection device of claim 1 5 wherein the first signal is a data 

signal that switches between a ground and a power supply voltage to signal 
data changes to be transmitted out the pad node; 
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wherein the second signal is a constant bias voltage between the ground and 
the power supply voltage or is the power supply voltage. 

[cl 7] 1 7.The cascaded protection device of claim 1 5 wherein the second signal is a 

data signal that switches between a ground and a power supply voltage to 
signal data changes to be transmitted out the pad node; 

wherein the first signal is a constant bias voltage between the ground and the 
power supply voltage or is the power supply voltage. 

[cl 8] 1 8.A shock-protection circuit comprising: 

external connect means for connecting to an external input or output of an 
integrated circuit chip; 

transistor cascade means, having at least two transistors in series with and an 
intermediate node in between, for conducting current from the external connect 
means to a supply bus; 

rectifier means, for conducting current from the external connect means to the 

supply bus in response to a gate node and the intermediate node; 

coupling means, between the external connect means and the gate node, for 

coupling a portion of a voltage shock applied to the external connect means to 

the gate node, wherein the portion is at least a threshold voltage; and 

leaker means, coupled between the gate node and the supply bus, for 

discharging the gate node after the voltage shock is applied, and for connecting 

the gate node to the supply bus when no voltage shock is applied; 

wherein the rectifier means is triggered to conduct by both the gate node and 

the intermediate node, 

whereby the rectifier means is triggered by the intermediate node and the gate 
node during the voltage shock to shunt the voltage shock. 

[cl 9] 1 9.The shock-protection circuit of claim 1 8 wherein the supply bus is a ground 

bus, and the transistor cascade means comprises at least two n-channel 
transistors. 

t c2 °] 20.The shock-protection circuit of claim 1 8 wherein the rectifier means 

comprises a stacked-NMOS-triggered silicon-controlled rectifier having a first 
trigger gate coupled to the gate node and a second trigger gate coupled to the 
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intermediate node. 
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